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a piston crown surface and a valve head of the intake valve
expands in accordance with the approach of the crankshaft
axis. A relationship of G2>G1 is fulfilled, where G1 stands for
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being interposed therebetween, and the piston crown surface
in a top dead center, and G2 stands for a gap at a position that
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between the lower surface of the valve head of the intake
valve and the piston crown surface at a center timing of a
valve overlap period in which the intake valve and the exhaust
valve are both open.

10 Claims, 16 Drawing Sheets

L Pdi

i /1A,(1a)



US 9,267,421 B2
Page 2

(51) Int.CL
F02B 11/00
FO02B 23/08
F02B 23/10
FO2F 1/22
FO2F 3/28

(52) US.CL

CPC ...........

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

F02B 23/101 (2013.01); FO2F 1/22

(2013.01); FO2F 3/24 (2013.01); FO2F 3/28
(2013.01); F02B 2023/085 (2013.01); F02B
2023/102 (2013.01); Y027 10/12 (2013.01);

(56)

YO2T 10/125 (2013.01)

References Cited

U.S. PATENT DOCUMENTS

5,309,879 A *
5,873,341 A *
7,040,279 B2 *
7,954,471 B2*
8,082,908 B2 *
8,151,747 B2 *

5/1994
2/1999
5/2006
6/2011
12/2011
4/2012

Regueiro .......ccccoevenne 123/286
Smith et al. ... .. 123/193.5
Regueiro .......ccccoevenne 123/254
Nishimoto etal. ........... 123/261
Ward .o 123/661
Phillips .....ccoovvvvinnnn. 123/70 R

8,191,528 B2* 6/2012 Yousoetal. ... 123/193.1
2003/0056750 Al 3/2003 Fuerhapter
2004/0020457 Al*  2/2004 Regueiro .............. 123/276
2008/0276900 Al  11/2008 Umierski et al.
2009/0173307 Al 7/2009 Youso et al.
2010/0059016 Al* 3/2010 Tachibanaetal. ......... 123/307

FOREIGN PATENT DOCUMENTS

DE 102005002389 B4 4/2009
JP 05-113120 A 5/1993
JP 2001-193464 A 7/2001
JP 2007-292060 A 11/2007
JP 2008-019803 A 1/2008
JP 2009-162154 A 7/2009
JP 2012-072730 A 4/2012
OTHER PUBLICATIONS

An Office Action issued by the German Patent Office on Jun. 11,
2015, which corresponds to German Patent Application No.
112013000183.7 and is related to U.S. Appl. No. 14/345,640; with
English language translation.

* cited by examiner



U.S. Patent Feb. 23,2016 Sheet 1 of 16 US 9,267,421 B2

FIG. 1

3
{A(IB) h /2A,(28}

SNIANNE]

|
8 ‘ S 5
1b N . NN
T 2b
% e
5mé zo




U.S. Patent Feb. 23,2016 Sheet 2 of 16 US 9,267,421 B2




U.S. Patent Feb. 23,2016 Sheet 3 of 16 US 9,267,421 B2




U.S. Patent Feb. 23,2016 Sheet 4 of 16 US 9,267,421 B2




U.S. Patent Feb. 23,2016 Sheet 5 of 16 US 9,267,421 B2

FIG. 7

10b




U.S. Patent Feb. 23,2016 Sheet 6 of 16 US 9,267,421 B2

~3

10dt 4y s w 106
N //\\ |
AR
: 10
11 11a
FIG. 9
t0a 19A i1 11a

)
N AR \.%4.\-;‘.\m\xmxmwmmq.\mq.m«.sm\\.'-.\\ A

o/ ; S




U.S. Patent Feb. 23,2016 Sheet 7 of 16 US 9,267,421 B2

N\ < “\\\’(‘/\\\\\7’

R 10c g
15 (tod) 10



U.S. Patent Feb. 23,2016 Sheet 8 of 16 US 9,267,421 B2

FIG. 12

A

INTAKE VALVE
LIFT AMOUNT :

CRANK ANGLE

EXHAUST VALVE
LIFT AMOUNT

| CRANK ANGLE

FIG. 13




U.S. Patent Feb. 23,2016 Sheet 9 of 16 US 9,267,421 B2

FIG. 14




U.S. Patent Feb. 23,2016 Sheet 10 of 16 US 9,267,421 B2

FIG. 15

T QT =~ CURTAIN SURFACE ARFA S
~i- | ONER SUAFACE ABEA OF VALVE 577

R

0 IO

SURFACE AREA

15 10 5 0 5 10

LINER SIDE CROSS-SECTIONAL POSITION CYLINDER
FROM VALVE CENTER [mm] CENTER SIDE




U.S. Patent Feb. 23,2016 Sheet 11 of 16 US 9,267,421 B2

FIG. 17

S-871




U.S. Patent Feb. 23,2016 Sheet 12 of 16 US 9,267,421 B2

FIG. 19

S0

S0

S4




U.S. Patent Feb. 23,2016 Sheet 13 of 16 US 9,267,421 B2

FiG. 21

W S8

~

S8 1

FIG. 22

(CROSS-SECTIONAL POSITION S0)

..................
..................
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

\\\\\\(\\\\ WNNANN

SG 2 10




U.S. Patent Feb. 23,2016 Sheet 14 of 16 US 9,267,421 B2

FiG. 23

(CROSS-SECTIONAL POSITION $8)

............
............

\\\\j’\\\\\\\\\\f

3872 10

FIG. 24

10d




U.S. Patent Feb. 23,2016 Sheet 15 of 16 US 9,267,421 B2

FIG. 25

G, 26
{
tb~—1"
e 1AIR)
5 1a
\ ) 30
DN,
/KQ\\\\\\VF\\\\ 00100

16A 'gg



U.S. Patent Feb. 23,2016 Sheet 16 of 16 US 9,267,421 B2

FIG. 27

10d

128 _|

10a

e 1A (1B)

PN
WAS SANVANANNNY

R! ESA 10

10¢,(10d)



US 9,267,421 B2

1
COMBUSTION CHAMBER STRUCTURE FOR
ENGINE

TECHNICAL FIELD

The present invention relates to a combustion chamber
structure for an engine performing compressed self-ignition.

BACKGROUND ART

Engines using gasoline-based fuel typically employ a
spark ignition system in which an air-fuel mixture is forcibly
ignited using a sparkplug. Meanwhile, in order to improve
significantly the fuel economy, it has recently been suggested
to cause compressed self-ignition of the air-fuel mixture (pre-
mixing compressed self-ignition) by increasing the geometric
compression ratio of the engine to a high compression ratio
equal to or higher than 15 while still using the gasoline-based
fuel.

Patent Document 1 discloses an engine of a spark ignition
system which is not of the compressed self-ignition system,
but in which the geometric compression ratio is still increased
to a high value equal to or higher than 13. This engine uses a
pentroof combustion chamber. In this engine, where Sil
denotes cross-sectional areas of the combustion chamberina
plurality of mutually parallel virtual cut planes that are par-
allel to a linear reciprocating direction of the intake valve and
pass through the valve head of the intake valve and Si2
denotes an effective opening area (curtain surface area)
between the valve head and the valve seat, the shape of the
parts of the combustion engine and the like is set such that a
relationship Sil=Si2 is fulfilled in any virtual cut plane at the
center timing of the valve overlap period in which the intake
valve and the exhaust valve are both open. As a result, the
intake air supplied from the circumferential edge of the valve
head into the combustion engine can smoothly pass along the
lower surface of the valve head. Therefore, scavenging ability
and filling efficiency can be increased.

Patent Document 2 discloses a two-cycle diesel engine in
which intake air from an intake valve forms a loop flow along
the inner wall surface of a cylinder because the axial line of
the intake valve is inclined with respect to the cylinder axis.

In order to perform the compressed self-ignition, it is pre-
ferred that as homogeneous an air-fuel mixture as possible be
formed inside the cylinder, and for this purpose, it is preferred
that a fuel injection valve be disposed in the center of the
cylinder and the fuel be uniformly injected from the fuel
injection valve into the entire cylinder.

However, it is not easy to form a sufficient amount of a
homogeneous air-fuel mixture inside the cylinder of an
engine with a very high geometric compression ratio, such as
described hereinabove. This is because in the engine with a
high geometric compression ratio, a gap between the lower
surface of the cylinder head and the piston crown surface is
extremely small at the top dead center position of the piston
and in the vicinity thereof, and scavenging in the overlap
period in which the intake valve and exhaust valve are both
open is degraded. In particular, where a cavity is formed in the
piston crown surface, scavenging inside the cavity becomes
insufficient and a sufficient amount of intake air is difficult to
supply into the cavity. This is the major reason why the filling
efficiency decreases and therefore the output decreases.
Patent Document 1: Japanese Patent Application Publication

No. 2009-162154
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Patent Document 2: Japanese Patent Application Publication
No. H05-113120

SUMMARY OF THE INVENTION

The present invention has been created with the foregoing
in view, and it is an objective thereof to provide a combustion
chamber structure for a high-compression-ratio engine in
which the geometric compression ratio is equal to or higher
than 15, the combustion chamber structure enabling sufficient
scavenging inside the cavity formed in the central portion of
the piston crown surface.

In order to attain the objective, the present invention uses a
combustion chamber structure, such as descried hereinbelow,
to introduce smoothly the intake air supplied to the combus-
tion chamber, in particular, the intake air supplied to the
combustion chamber from the circumferential edge of the
valve head of the intake valve on a side that is farther from the
cylinder axis, into the cavity.

Thus, the combustion chamber structure in accordance
with the present invention includes: a cylinder block having
one or more cylinders; a cylinder head that covers the cylinder
from one side in a cylinder axis direction; a piston recipro-
catingly inserted into the cylinder; intake valves provided at a
ratio of two valves per cylinder at one side thereof from
among two regions separated by a crankshaft axis; and
exhaust valves provided at a ratio of two valves per cylinder at
the other side thereof from among the two regions separated
by the crankshaft axis, and that is adopted to an engine in
which compressed self-ignition is performed in at least a
low-load range. The geometric compression ratio of the cyl-
inder is set to 15 orhigher, and a cavity is formed in the central
portion of the crown surface of the piston. Part of the valve
head of each intake valve overlaps the cavity, as viewed in the
cylinder axis direction. Valve recesses for preventing inter-
ference between the piston and the valve heads of the intake
valves are formed in the piston crown surface so as to be
connected to the cavity. An axial line of the intake valve is
inclined to recede from the cylinder axis with increasing
distance from the valve head, as viewed in the cylinder axis
direction, and a gap between the piston crown surface and a
region which is a part of a lower surface of the valve head, at
least on a side that is closer to the crankshaft axis, expands in
accordance with approach of the crankshaft axis. A relation-
ship of G2>G1 is fulfilled, where G1 stands for a minimum
gap between the lower surface of the cylinder head that is
positioned between the intake valve and the exhaust valve
facing the intake valve, with the crankshaft axis being inter-
posed therebetween, and the piston crown surface in a top
dead center, and G2 stands for a gap at a position that is the
closest to the crankshaft axis, from among the gaps between
the lower surface of the valve head of the intake valve and the
piston crown surface at a center timing of a valve overlap
period in which the intake valve and the exhaust valve are
both open.

The advantage of the present invention is that in a high-
compression-ratio engine in which compressed self-ignition
is performed, the filling efficiency can be effectively
increased by performing sufficient scavenging inside the cav-

1ty.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic cross-sectional view illustrating a

specific example of an engine using the combustion chamber
structure in accordance with the present invention.
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FIG. 2 is a schematic plan view of one cylinder that is taken
from one side in the cylinder axis direction (upper side) and
illustrates the first embodiment of the present invention.

FIG. 3 is a perspective view illustrating a specific shape of
the piston for use in the first embodiment.

FIG. 4 is a side view of the piston shown in FIG. 3 that is
taken from one side in the crankshaft direction.

FIG. 5 is a plan view of the piston shown in FIG. 3 that is
taken from above.

FIG. 6 is a schematic plan view illustrating the mutual
arrangement of the intake and exhaust valves and the cavity.

FIG.7is across-sectional view taken along the VII- VIl line
in FIG. 2.

FIG. 8 is a cross-sectional view taken along the VIII-VIII
line in FIG. 2.

FIG. 9 is a cross-sectional view taken along the IX-IX line
in FIG. 5.

FIG. 10 is a cross-sectional view taken along the X-X line
in FIG. 5.

FIG. 11 is a cross-sectional view taken along the XI-XIline
in FIG. 2.

FIG. 12 is a characteristic diagram illustrating a setting
example of the overlap period of the intake and exhaust
valves.

FIG. 13 is a plan view showing the position (cutting posi-
tion) of a virtual cut surface for specifying the curtain surface
area of the intake valve and the gap surface area under the
valve head of the intake valve.

FIG. 14 is a cross-sectional perspective view showing the
curtain surface area and the gap surface area under the valve
head at the same time.

FIG. 15 is a characteristic diagram illustrating a specific
setting example ofthe curtain surface area and the gap surface
area under the valve head.

FIG. 16 is a principal plan view showing the range of the
curtain surface area at the cross-sectional position S-12.

FIG. 17 is a principal plan view showing the range of the
curtain surface area at the cross-sectional position S-8.

FIG. 18 is a principal plan view showing the range of the
curtain surface area at the cross-sectional position S-4.

FIG. 19 is a principal plan view showing the range of the
curtain surface area at the cross-sectional position S0.

FIG. 20 is a principal plan view showing the range of the
curtain surface area at the cross-sectional position S4.

FIG. 21 is a principal plan view showing the range of the
curtain surface area at the cross-sectional position S8.

FIG. 22 is a principal plan view showing the gap surface
area under the valve head at the cross-sectional position S0.

FIG. 23 is a principal plan view showing the gap surface
area under the valve head at the cross-sectional position S8.

FIG. 24 is a plan view corresponding to F1G. 5 and showing
a piston for use in the second embodiment.

FIG. 25 is a perspective view corresponding to FIG. 3 and
showing a piston for use in the second embodiment.

FIG. 26 is a cross-sectional view corresponding to FIG. 11
and illustrating the second embodiment.

FIG. 27 is a plan view corresponding to F1G. 5 and showing
a piston for use in the third embodiment.

FIG. 28 is a cross-sectional view corresponding to FIG. 11
and illustrating the third embodiment.

DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a schematic configuration of an engine using
the combustion chamber structure according to the first
embodiment of the present invention. The engine shown in
the figure is an inline multicylinder gasoline engine to be

5

10

15

20

25

30

35

40

45

50

55

60

65

4

installed on an automobile and has a cylinder block 20 having
a plurality of cylinders 5 (only one thereamong is shown in
FIG. 1) arranged side by side in the direction orthogonal to the
sheet of this figure, a cylinder head 30 mounted on the cylin-
der block 20 so as to cover the cylinders 5 from the upper
surface, and a piston 10 reciprocatingly inserted into each
cylinder 5. A combustion chamber with a volume changing
according to the vertical position of the piston 10 is formed
above the piston 10. The piston 10 is connected by a connect-
ing rod 8 to a crankshaft 9, and the crankshaft 9 rotates about
an axis in response to the reciprocating movement of the
piston 10.

The geometric compression ratio of each cylinder 5, that is,
the ratio of combustion chamber volume when the piston 10
is in the top dead center to the combustion chamber volume
when the piston 10 is in the bottom dead center is set to be
equal to or greater than 15. Any appropriate value of the
geometric combustion ratio can be taken, provided that it is
equal to or greater than 15, but for example 18 is a more
preferred value for the geometric compression ratio.

FIG. 2 is aplan view of one cylinder 5. In FIGS. 1 and 2, the
reference numeral J denotes a cylinder axis, which is the
central line of the cylinder 5, and the reference numeral K
denotes a crankshaft axis, which is the central line of the
crankshaft 9. The cylinder axis J and the crankshaft axis K are
orthogonal to each other.

In the cylinder head 30, two intake valves 1A, 1B and two
exhaust valves 2A, 2B are provided for one cylinder 5. The
intake valves 1A, 1B each have a disk-shaped valve head 1a
capable of closing the intake port 6 provided in the cylinder
head 30, and a valve stem 15 extending upward from the valve
head 1a. Likewise, the exhaust valves 2A, 2B each have a
disk-shaped valve head 2a capable of closing the exhaust port
7 provided in the cylinder head 30, and a valve stem 2b
extending upward from the valve head 2a.

When viewed from one side (upper side) of the cylinder
axis J, the intake valves 1A, 1B are provided such as to be
arranged along the crankshaft axis K in a region on one side
(left side in FIG. 1), where the cylinder 5 is assumed to be
divided in two by the crankshaft axis K. Likewise, the exhaust
valves 2A, 2B are provided such as to be arranged along the
crankshaft axis K in a region on the other side (right side in
FIG. 1), where the cylinder 5 is assumed to be divided in two
by the crankshaft axis K. The intake valve 1A is disposed
opposite the exhaust valve 2A on the other side of the crank-
shaft axis K, and the intake valve 1B is disposed opposite the
exhaust valve 2B on the other side of the crankshaft axis K.

As shown in FIG. 12, the intake valves 1A, 1B and the
exhaust valves 2A, 2B are simultaneously open for a prede-
termined overlap period of time T including the compression
top dead center. One of the reasons for providing such an
overlap period of time T in which the intake and exhaust
valves are all open is to discharge (that is, scavenge) the burnt
gas from the combustion chamber. The reference symbol Tc
in the figure denotes the center timing of the overlap period of
time T. In the example shown in FIG. 12, the center timing Tc
of'the overlap period of time is set somewhat on the advance
side with respect to the top dead center of the piston.

One fuel injection valve 3 and two sparkplugs (first and
second sparkplugs) 4A, 4B are provided for one cylinder 5 in
the cylinder head 30. The fuel injection valve 3 is disposed
such as to extend in the direction matching the cylinder axis J
in each cylinder 5. The first sparkplug 4A is provided between
the two intake valves 1A, 1B in each cylinder 5, and the
second sparkplug 4B is provided between the two exhaust
valves 2A, 2B in each cylinder 5.
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Fuel mainly constituted by gasoline is injected from the
fuel injection valve 3 in the same manner as in the usual spark
ignition engine. The expression “fuel mainly constituted by
gasoline” means that fuel including auxiliary components
other than gasoline may be also used. In other words, the fuel
to be used in the engine of the present embodiment may be
fuel with a gasoline content of 100% and a fuel including
auxiliary components, such as ethanol, other than gasoline.

In the above-described engine, combustion based on com-
pressed self-ignition, more specifically, combustion based on
premixing compressed self-ignition called HCCI (Homoge-
neous-Charge Compression-Ignition), is performed in a low-
load range of the engine.

More specifically, in a low-load range in which the com-
pressed self-ignition is performed, the fuel is injected from
the fuel injection valve 3 at a timing sufficiently before the
compression top dead center. The injected fuel receives heat
as a result of the compression action of the piston 10, while
mixing with the intake air supplied into the combustion cham-
ber, and reaches a self-ignition stage at a timing at which the
piston 10 moves close to the compression top dead center. The
combustion resulting from such compressed self-ignition is
performed under a lean atmosphere with a gas air-fuel ratio
(represented by G/F) equal to or greater than 20. Here, G
stands for a total gas amount (weight) of new air and EGR gas,
and F stands for a fuel amount (weight).

In an operation region (that is, a high-load region of the
engine) other than the operation region in which the com-
pressed self-ignition is performed, spark ignition is per-
formed in which the air-fuel mixture is forcibly burnt by spark
ignition from the sparkplugs 4A, 4B. More specifically, in a
high-load region of the engine, the fuel is injected from the
fuel injection valve 3 immediately before the compression top
dead center, and then ignition energy created by spark igni-
tion from the two sparkplugs 4A, 4B is supplied. The air fuel
ratio attained when such spark ignition is performed is suffi-
ciently richer than the air fuel ratio attained when the com-
pressed self-ignition is performed, more specifically a sto-
ichiometric air-fuel ratio or a lean air-fuel ratio close thereto.

A load which is a boundary between the operation region
where the spark ignition combustion is performed and an
operation region where the compressed self-ignition is per-
formed is set on the lower load side as the engine revolution
speed increases.

FIGS. 3 to 5 show the shape of the piston 10. As shown in
the figures, a cavity 11 concaved downward (to the side oppo-
site than of the cylinder head 30) is formed in the central
portion of the crown surface (upper surface) of the piston 10.
The cavity 11 is substantially round when viewed in the
cylinder axis direction, and a peak-shaped protrusion portion
11a is formed in the central portion of the cavity 11.

Flat surfaces 10a, 105, 10c, 104 extending along the plane
orthogonal to the cylinder axis J, and valve recesses 15A,
15B, 16A, 16B and depressions 12A, 12B, which are shal-
lower than the cavity 11, are formed in a portion of the crown
surface of the piston 10 outside the cavity 11.

More specifically, in the present embodiment, the valve
recesses 15A, 15B are formed in the crown surface of the
piston 10 in portions facing the valve heads 1a of the intake
valves 1A, 1B, and the valve recesses 16A, 16B are formed in
the crown surface of the piston 10 in portions facing the valve
heads 24 of the exhaust valves 2A, 2B. Further, the depres-
sions 12A, 12B are formed to be connected to the cavity 11 in
the crown surface of the piston 10 in the portions facing the
first and second sparkplugs 4A, 4B. In the explanation below,
where the four valve recesses 15A, 15B, 16A, 16B are to be
distinguished from each other, the valve recess 15A for the
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intake valve 1A is referred to as “first valve recess”, the valve
recess 15B for the intake valve 1B is referred to as “second
valve recess”, the valve recess 16 A for the exhaust valve 2A
is referred to as “third valve recess”, and the valve recess 16B
for the exhaust valve 2B is referred to as “fourth valve recess”.

Portions of the crown surface of the piston 10 outside the
cavity 11, valve recesses 15A, 15B, 16A, 16B, and depres-
sions 12A, 12B are all assumed to be flat surfaces (10a to
104d). In the present embodiment, the flat surface positioned
between the first valve recess 15 A for the intake valve 1A and
the second valve recess 15B for the intake valve 1B is denoted
by 10q, the flat surface positioned between the third valve
recess 16A for the exhaust valve 2A and the fourth valve
recess 16B for the exhaust valve 2B is denoted by 1054, the flat
surface positioned between the first valve recess 15A for the
intake valve 1A and the third valve recess 16 A for the exhaust
valve 2A is denoted by 10c¢, and the flat surface positioned
between the second valve recess 15B for the intake valve 1B
and the fourth valve recess 16B for the exhaust valve 2B is
denoted by 10d. The height of those flat surfaces 10a, 105,
10c, 104 is set to be the same, and the flat surfaces are set to
be higher than the bottom surface of the cavity 11, the bottom
surfaces of the valve recesses 15A, 15B, 16A, 16B, and the
bottom surfaces of the depressions 12A, 12B.

As shown in FIG. 6, the intake valves 1A, 1B and the
exhaust valves 2A, 2B are provided such that parts of the
valve heads 1a, 2a overlap the cavity 11 of the piston 10 in the
view taken in the cylinder axis direction.

As shown in FIGS. 7 and 8, the fuel injection valve 3 is
provided such as to be positioned directly above the protrud-
ing portion 11a of the cavity 11. Further, as shown in FIG. 7,
the first sparkplug 4A is provided such that the tip (electrode
portion) thereof is accommodated inside the depression 12A,
and the second sparkplug 4B is provided such that the tip
(electrode portion) thereof is accommodated inside the
depression 12B.

As shown in FIGS. 7 and 8, the portions of the lower
surface of the cylinder head 30 that face the flat surfaces 104,
105, 10c¢, 10d of the piston 10 are flat surfaces extending
along the plane orthogonal to the cylinder axis J. As a result,
auniformly small gap is formed between the cylinder head 30
and the flat surfaces 10a to 104 of the piston in the top dead
center. Therefore, the increase in the geometric compression
ratio (transition to a high compression ratio) and the forma-
tion of a squish flow (flow from the circumferential edge to
the center of the combustion chamber) are promoted. Further,
since the combustion chamber gap above the flat surfaces 10a
to 104 is small, as mentioned hereinabove, the volume of the
combustion chamber when the piston 10 is in the top dead
center is mostly taken by the cavity 11.

InFIGS. 3,5, and 11, the reference symbol R1 indicates the
boundary position between the first, second valve recesses
15A, 15B for the intake valves 1A, 1B and the flat surfaces
10¢, 104 adjacent thereto. The boundary position R1 is set to
extend parallel to the crankshaft axis K at positions corre-
sponding to the centers of the valve head 1a of the intake
valves 1A, 1B (substantially matching the centers of the valve
heads 1a in the view taken in the cylinder axis direction). The
first and second valve recesses 15A, 15B are formed in the
crown surface of the piston 10 in the portions corresponding
to the valve heads 1a ofthe intake valves 1A, 1B in the regions
onthe side of the boundary position R1 that is farther from the
crankshaft axis K. In particular, as shown in FIG. 11, the
bottom surfaces of the first and second valve recesses 15A,
15B are inclined surfaces that are inclined such that the height
decreases gradually with increasing distance from the crank-
shaft axis K.
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The crown surface of the piston 10 on the side of the
boundary position R1 that is closer to the crankshaft axis K is
taken as the above-described flat surfaces 10¢, 10d. In other
words, the first and second valve recesses 15A, 15B are con-
nected in a stepless manner to the flat surfaces 10¢, 104 of the
piston 10 at the boundary position R1.

The same configuration is used for the third and fourth
valve recesses 16A, 16B for the exhaust valves 2A, 2B. Thus,
where a boundary position R2 is assumed that corresponds to
the centers of the valve heads 2a of the exhaust valves 2A, 2B
and is parallel to the crankshaft axis K, the third and fourth
valve recesses 16A, 16B are formed in the crown surface of
the piston 10 in the portions facing the valve heads 2a of the
exhaust valves 2A, 2B in the regions on the side of the bound-
ary position R2 that is farther from the crankshaft axis K. The
bottom surfaces of the third and fourth valve recesses 16A,
16B are inclined surfaces that are inclined such that the height
decreases gradually with increasing distance from the crank-
shaft axis K.

The crown surface of the piston 10 on the side of the
boundary position R2 that is closer to the crankshaft axis K is
the above-described flat surfaces 10¢, 104. In other words, the
third and fourth valve recesses 16A, 16B are connected in a
stepless manner to the flat surfaces 10c¢, 10d of the piston 10
at the boundary position R2.

As described hereinabove, in the present embodiment, flat
surfaces 10c, 104 of a comparatively large surface area that
extend along a plane orthogonal to the crankshaft axis K are
formed on the crown surface of the piston 10 positioned
between the boundary positions R1 and R2. Where such flat
surfaces 10c, 104 of a large surface area are formed in the
circumferential edge portion of the piston 10, those flat sur-
faces 10¢, 104 approach the cylinder head 30 when the piston
10 rises, thereby making it possible to obtain good squish flow
in a wide range. Further, since the flow of intake air flowing in
the circumferential direction on the flat surfaces 10¢, 104 is
unlikely to occur, the flow of intake air from the intake valve
1A side toward the exhaust valve 2A side is inhibited and the
flow of intake air from the intake valve 1B side toward the
exhaust valve 2B side is also inhibited.

The relationship between the intake valve 1A and the first
valve recess 15A is explained below with reference to FIG.
11. The valve stem 15 of the intake valve 1A is arranged along
aplane orthogonal to the crankshaft axis K, but also arranged
to as to be inclined at a predetermined angle 0 (here, 5
degrees) with respect to the cylinder axis J. More specifically,
as viewed in crankshaft direction, the central axis of the valve
stem 14 is inclined such as to recede gradually from the
cylinder axis J in the course of receding from the valve head
1a of the intake valve 1A (in the upward direction). In FIG.
11, a virtual axial line parallel to the cylinder axis J is repre-
sented by a reference symbol J1, and the angle formed by the
virtual axial line J1 and the central line of the valve stem 15 is
represented by the 6.

The inclination angle of the bottom surface of the first valve
recess 15A is also made to correspond to the inclination angle
0 of'the valve stem 15. In other words, the lower surface of the
valve head 1a of the intake valve 1A and the bottom surface of
the first valve recess 15A are made parallel to each other.
However, since the boundary position R1 of the first valve
recess 15A is positioned substantially in the center of the
valve head 14, on the side of the boundary position R1 that is
closer to the crankshaft axis K, the gap between the lower
surface of the valve head 1a and the flat surface 10c of the
piston 10 is set to expand gradually as the crankshaft axis K is
approached. In other words, when the intake air supplied into
the combustion chamber from the circumferential edge of the
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valve head 1a on the left end in FIG. 11 (in FIG. 2, in par-
ticular, the circumferential edge in the below-described third
quadrant A of the valve head 1a) passes through the lower
surface of the valve head 1a, the intake air can smoothly pass
through the gap that has been gradually expanded by the
above-described setting of the inclination angle 6. In particu-
lar, in the present embodiment, as shown in FIG. 5, since part
of the first valve recess 15A (a portion close to the adjacent
second valve recess 15B) is connected to the cavity 11, the
intake air smoothly flowing through at the lower surface of the
valve head 1a is easily introduced into the cavity 11.

Further, in the present embodiment, the flat surface 10¢ of
a comparatively large surface area is formed between the first
valve recess 15A and the third valve recess 16 A, and this also
promotes the above-mentioned introduction of the intake air
into the cavity 11. More specifically, in the present embodi-
ment, the minimum gap between the lower surface of the
cylinder head 30, which is positioned between the intake
valve 1A and the exhaust valve 2A that faces the intake valve
1A, with the crankshaft axis K being interposed therebe-
tween, and the flat surface 10¢ of the piston 10 that faces this
lower surface is taken as a value G1 shown in FIG. 11 at a
center timing Tc of the overlap period. Where the maximum
value of the gap between the flat surface 10¢ and the lower
surface of the valve head 1a of the intake valve 1A at the
center timing Tc of the same overlap period, that is, a gap
between the flat surface 10¢ and the circumferential edge
(right end portion in FIG. 11) on the side of the valve head 1a
that is the closest to the crankshaft axis K, is taken as G2, then
the relationship between the maximum gap G2 and the mini-
mum gap G1 is set as G2>G1. As a result, the flow of intake
air flowing from the intake valve 1A side toward the exhaust
valve 2A side is inhibited. Therefore, the aforementioned
introduction of the intake air into the cavity 11 is further
promoted.

In this case, the valve head 1a of the intake valve 1A, as
viewed in the cylinder axis direction, is virtually divided into
four regions (quadrants). More specifically, as shown in FIG.
2, the direction passing through the center of the valve head
1a of the intake valve 1A and orthogonally to the crankshaft
axis K is taken as an X axis, and the direction that passes
through the center of the valve head 1a of the intake valve 1A
and extends parallel to the crankshaft axis K is taken as an'Y
axis. Of the four regions obtained by dividing the valve head
1a with the X axis and Y axis, the region which is the farthest
from the cylinder axis J is taken as a third quadrant A. The
region adjacent to the third quadrant A in the X axis direction
is taken as a fourth quadrant B, the region adjacent to the third
quadrant A in the Y axis direction is taken as the second
quadrant C, and the region adjacent to the second quadrant C
in the X axis direction is taken as the first quadrant D.

The intake air supplied into the combustion chamber from
the circumferential edge of the third quadrant A and the fourth
quadrant B of the valve head 1a flows mainly toward the
cavity 11 due to the above-described setup (expansion of the
gap G2 by setting of the inclination angle 0), and a flow shown
by an arrow . in FIG. 2 is formed. Meanwhile, in FIG. 2, the
flow of intake air flowing from the third and fourth quadrants
A, B toward the exhaust valve 2A side is shown by an arrow
[. However, since, the intake air flow shown by the arrow f3 is
blocked by the above-described setup (reduction of the gap
(1), the flow in the direction of arrow . is intensified accord-
ingly. As a result of such an intensification of the flow of the
intake air flowing in the direction of arrow ., the introduction
of'the intake air into the cavity 11 is promoted and the interior
of the cavity 11 is sufficiently scavenged.
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Further, in the present embodiment, the following configu-
ration is used with respect to the intake valve 1A in order to
intensify further the flow in the direction of arrow a.

First, as shown in FIG. 13, as viewed in the cylinder axis
direction, a virtual line Z is assumed that connects the cylin-
der axis J with the center of the valve head 1a of the intake
valve 1A. Then, it is assumed that the valve head 1a is cut by
arbitrary cross sections which are orthogonal to the virtual
line Z and parallel to the axial line (central axis of the valve
stem 15) of the intake valve 1A. The cross-sectional positions
in this case are denoted by Si. The “i” in the cross-sectional
position Si represents the distance (mm) from the center
(valve center) of the valve head 1a to the cylinder axis J side
on the virtual line Z. Therefore, the “i”” is 0 when the cross-
sectional position passes through the valve center, has a nega-
tive numerical value when the cross-sectional position shifts
radially outward (cylinder liner side) of the cylinder 5 from
the valve center, and has a positive numerical value when the
cross-sectional position shifts radially inward (cylinder axis J
side) of the cylinder 5 from the valve center. FIG. 13 shows
S-12, S-8, S-4, S0, S4, S8, as an example of the cross-sec-
tional positions following this rule. For example, S-12 is a
cross-sectional position at a distance of -12 mm radially
outward of the valve center, SO is a cross-sectional position
passing through the valve center, and S8 is a cross-sectional
position at a distance of 8 mm radially inward of the valve
center.

Further, in the present embodiment, a curtain surface area
Si"1 ofthe valve head 1a and a gap surface area Si"2 under the
valve head 1a, such as shown in FIG. 14, are specified as
characteristic values of the intake valve 1A at the arbitrary
cross-sectional positions Si. For example, the curtain surface
area at the cross-sectional position S-12 is S-12"1, the curtain
surface area at the cross-sectional position S0is S0°1, and the
curtain surface area at the cross-sectional position S8 is S8”1.
Further, the gap surface area under the valve head 1qa at the
cross-sectional position S-12 is S-1272, the gap surface area
under the valve head 1a at the cross-sectional position S0 is
S072, and the gap surface area under the valve head 1a at the
cross-sectional position S8 is S8°2.

As shown in FIGS. 14 and 16 to 21, the “curtain surface
area Si'1 at the cross-sectional position Si”, as referred to
herein, is the area defined by the shortest distance d (FIG. 14)
between the valve seat surface and the valve head 1a that will
seat thereon at the center timing Tc of the valve overlap
period, and the length W (FIGS. 16 to 21) in the circumfer-
ential direction that is determined in relation to the cross-
sectional position Si, more specifically, a value obtained by
integrating the shortest distance d over the range of the length
W in the circumferential direction. The length W in the cir-
cumferential direction, as referred to herein, corresponds to
the length of the circumferential edge of the overlapping
portion of the region on the side of the cross-sectional posi-
tion Si that is farther from the cylinder axis J and the third
quadrant A and fourth quadrant B of the valve head 1a. In
FIGS. 16 to 21, the curtain surface area Si"1 is shown as a
circular-arc white region.

Meanwhile, as shown in FIG. 14, the “gap surface area Si"2
under the valve head 1a at the cross-sectional position Si”, as
referred to herein, is a surface area defined by the length L of
the bottom side of the cross-sectional surface of the valve
head 1a in the case where the valve head 1a is cut at the
cross-sectional position Si at the center timing Tc of the
overlap period, and the distance h from this bottom side to the
crown surface of the piston 10 facing the same, more specifi-
cally, a value obtained by integrating the distance h over the
range of the length L of the bottom side.
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FIG. 15 is a graph illustrating an example of specific
numerical values of the curtain surface area Si"1 and the gap
surface area Si"2 under the valve head 1a. As shown in the
figure, in the present embodiment, in any of the cross-sec-
tional positions S-12 to S8, the gap surface area Si"2 under the
valve head 1a is larger than the curtain surface area Si"1, in
other words, the relationship Si"2=Si"1 is fulfilled at all of the
cross-sectional positions Si.

The curtain surface area Si"1 is specified by paying atten-
tion only to the third quadrant A and fourth quadrant B of the
valve head 1a, as in the present embodiment, for the following
reason. Practically the entire intake air supplied into the com-
bustion chamber from regions other than the third and fourth
quadrants A, B of the valve head 14, in other words, from the
circumferential edge of the first quadrant D or second quad-
rant C of the valve head 1a, apparently passes through the
combustion chamber gap outside the first and second quad-
rants C, D and is introduced comparatively smoothly into the
cavity 11, without flowing under the valve head 1a. By con-
trast, the intake air supplied into the combustion chamber
from the circumferential edge of the third and fourth quad-
rants A, B of the valve head 1a cannot enter the cavity 11
smoothly, unless it passes under the valve head 1a. Therefore,
the relationship Si"2=Si"1 is fulfilled in order to facilitate the
introduction of the intake air from the third and fourth quad-
rants A, B under the valve head 1a.

Explained hereinabove are the relationship between the
intake valve 1A and the first valve recess 15A, and the rela-
tionship between the curtain surface area Si"1 of the intake
valve 1A and the intake surface area Si"2 under the valve head
la, but such features relating to the intake valve 1A are
likewise used in the other intake valve 1B.

Thus, the axial line of the intake valve 1B is inclined at a
predetermined angle 0 (in this case, 5 degrees) with respect to
the cylinder axis J. On the side of the boundary position R1 of
the valverecess 15B corresponding to the intake valve 1B that
is closer to the crankshaft axis K, the gap between the lower
surface of the valve head 1a and the flat surface 104 of the
piston 10 is set to expand gradually as the crankshaft axis K is
approached. Further, the maximum value (corresponds to G2
in FIG. 11) of this gap is larger than the maximum gap
(corresponds to G1 in FIG. 11) above the flat surface 104.
Furthermore, the gap surface area (corresponds to the Si"2 in
FIG. 14) under the valve head 1a of the intake valve 1B at an
arbitrary cross-sectional position parallel to the axial line of
the intake valve 1B and orthogonal to a virtual line connecting
the center of the valve head 1a of the intake valve 1B and the
cylinder axis J is set to a value which is equal to or greater than
the curtain surface area (corresponds to Si"1 in FIG. 14).

Further, the features relating to the intake valves 1A, 1B are
likewise used in the exhaust valves 2A, 2B.

FIGS. 24 to 26 illustrate the second embodiment of the
present invention. Here, constituent elements same as those
of the above-described embodiment are assigned with same
reference numerals and the redundant explanation thereof is
herein omitted.

In the second embodiment, the valve recesses 15A, 15B,
16A, 16B are all formed such as to be capable of accommo-
dating almost all portions of the valve heads 1a, 2a of the
intake and exhaust valves, more specifically, the portions
other than the portions of the valve heads 1a, 2a that overlap
the cavity 11. More specifically, the bottom surfaces of the
valve recesses 15A, 158, 16A, 16B are all formed to be flat,
and the height thereof is made as a whole slightly less (for
example, by 1 mm) than that of the flat surfaces 10a to 104 on
the crown surface of the piston 10.
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FIG. 26 shows the cross-sectional shape of the intake valve
1A and the first valve recess 15A corresponding thereto. As
follows from FIG. 26, the valve head 1a of the intake valve 1A
is formed such as to cover entirely the first valve recess 15A,
and a gap between the lower surface of the valve head 1a and
the first valve recess 15A gradually increases over the entire
surface as the crankshaft axis K is approached. A step P is
formed between the first valve recess 15A and the flat surface
10c¢ positioned on the exhaust valve 2A side therefrom. The
relationship between the other intake valve 1B and the valve
recess 15B, and the relationship between the exhaust valves
2A, 2B and the valve recesses 16A, 16B are set in the same
manner.

With such a configuration, the flow of the intake air that
passes above the flat surface 10¢ (104) and flows toward the
exhaust valves 2A, 2B is blocked by the step P. Therefore, the
introduction of the intake air into the cavity 11 is promoted.
Further, the formation of the valve recess 15A (15B, 16A,
16B) is facilitated.

FIGS. 27 and 28 illustrate the third embodiment (variation
example of the second embodiment) of the present invention.
In the third embodiment, in the same manner as in the second
embodiment shown in FIGS. 24 to 26, the height of the
bottom surfaces of the valve recesses 15A, 15B, 16A, 16B is
set less as a whole than that of the flat surfaces 10a, 105, 10c¢,
10d of the piston 10. However, by contrast with the second
embodiment, in the third embodiment, part of the bottom
surfaces of the valve recesses 15A,15B, 16 A, 16B is inclined.

More specifically, the bottom surface of the valve recesses
15A (15B, 16A, 16B) is divided into a flat surface and an
inclined surface, for which a boundary position R1' (R2', R3',
R4") corresponding to the center of the valve head 1a serves as
a boundary. For example, regarding the valve recess 15A, as
shown in FIG. 28, the inclined surface with a height decreas-
ing with increasing distance from the crankshaft axis K is
formed in the region on the side of the boundary position R1'
that is farther from the crankshaft axis K. By contrast, the
region on the side of the boundary position R1' that is closer
to the crankshaft axis K, the surface is flat. The step P is
formed between the flat surface of the valve recess 15A and
the flat surface 10¢ of the piston 10 positioned on the exhaust
valve 2A side therefrom.

The preferred embodiments of the present invention are
explained hereinabove, but the present invention is not lim-
ited to the above-described embodiments and can be changed,
as appropriate, without departing from the scope of the
claims.

For example, only the axial lines (central line of each valve
stem 15) of the intake valves 1A, 1B may be inclined with
respect to the cylinder axis J, and the axial lines of the exhaust
valves 2 may be set parallel to the cylinder axis J. As a result,
a combustion chamber of a flatter shape can be obtained.
Further, the axial lines of the intake valves 1A, 1B may be
inclined in the direction (direction shown by arrow 8 in FIG.
24) of a virtual line connecting the center of the valve head 1a
of'the intake valve 1 with the cylinder axis J, as viewed in the
cylinder axis direction. In this case, the bottom surfaces of the
valve recesses 15A, 15B are formed to decrease in height
radially outward of the cylinder 5.

Further, in the embodiments, an example is explained in
which the combustion chamber structure in accordance with
the present invention is used in an inline multicylinder engine
(the engine in which a plurality of cylinders 5 is arranged
along the crankshaft axis K) to be installed on an automobile,
but the combustion chamber structure in accordance with the
present invention is not limited to automotive engines and can
be also used in engines of other appropriate applications. The
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number of the cylinders in the engine and the arrangement
system of the cylinders are not particularly limited. There-
fore, the combustion chamber structure in accordance with
the present invention can be also used in engines of other
appropriate systems, for example, V-type multicylinder
engines or single-cylinder engines.

Further, in the embodiments, an example is explained in
which the combustion chamber structure in accordance with
the present invention is used in an engine in which the com-
pressed self-ignition is performed only in a low-load range,
but the combustion chamber structure in accordance with the
present invention can be advantageously used in an engine in
which the compressed self-ignition can be performed also in
the operation region other than the low-load range, for
example, an engine in which the compressed self-ignition can
be performed in the entire range in the load direction.

Summary of Embodiments

Specific features disclosed in the embodiments, and the
operation effects based thereon, are summarized below.

The combustion chamber structure of the embodiments
includes: a cylinder block having one or more cylinders; a
cylinder head that covers the cylinder from one side in a
cylinder axis direction; a piston reciprocatingly inserted into
the cylinder; intake valves provided at a ratio of two valves
per cylinder at one side thereof from among two regions
separated by a crankshaft axis; and exhaust valves provided at
aratio of two valves per cylinder at the other side thereof from
among the two regions separated by the crankshaft axis, and
that is adopted to an engine in which compressed self-ignition
is performed in at least a low-load range. The geometric
compression ratio of the cylinder is set to 15 or higher, and a
cavity is formed in a central portion of a crown surface of the
piston. A part of a valve head of each intake valve overlaps the
cavity, as viewed in the cylinder axis direction. Valve recesses
for preventing interference between the piston and the valve
heads of the intake valves are formed in the piston crown
surface so as to be connected to the cavity. An axial line of the
intake valve is inclined to recede from the cylinder axis with
increasing distance from the valve head, as viewed in the
cylinder axis direction, and a gap between the piston crown
surface and a region which is a part of a lower surface of the
valve head, at least on a side that is closer to the crankshaft
axis, expands in accordance with approach of the crankshaft
axis. A relationship of G2>G1 is fulfilled, where G1 stands for
a minimum gap between a lower surface of the cylinder head
that is positioned between the intake valve and the exhaust
valve facing the intake valve, with the crankshaft axis being
interposed therebetween, and the piston crown surface in a
top dead center, and G2 stands for a gap at a position that is the
closest to the crankshaft axis, from among the gaps between
the lower surface of the valve head of the intake valve and the
piston crown surface at a center timing of a valve overlap
period in which the intake valve and the exhaust valve are
both open.

With such a configuration, the intake air supplied into the
combustion chamber from the circumferential edge of the
region in the valve head of the intake valve on the side that is
farther from the cylinder axis is introduced into the cavity
through the zone under the valve head of the inclined intake
valve. Therefore, the introduction of the intake air into the
cavity can be promoted and the interior of the cavity can be
sufficiently scavenged.

Inthe combustion chamber structure, it is preferred that the
valve recess be a first valve recess and a second valve recess
provided individually correspondingly to the two intake
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valves, and a flat surface with a height larger than that of
bottom surfaces of the two valve recesses be provided in a
circumferential edge portion of the piston crown surface posi-
tioned between the first and second valve recesses.

With such a configuration, scavenging of the cavity can be
further promoted while ensuring sufficient increase in the
geometric compression ratio (transition to higher compres-
sion ratio).

In the combustion chamber structure, in a case in which the
valve head of the intake valve is assumed to be cut by arbitrary
cross sections which are orthogonal to a virtual line connect-
ing the cylinder axis and the center of the valve head of the
intake valve and parallel to the axial line of the intake valve,
where each cross-sectional position is denoted by Si, a curtain
surface area of the intake valve at the cross-sectional position
Si is denoted by Si"1, and a gap surface area under the valve
head at the cross-sectional position Si is denoted by Si"2, it is
preferred that a relationship of Si"22Si"1 be fulfilled. Here,
the “curtain surface area Si"1 at the cross-sectional position
Si”, as referred to herein, is an area defined by a shortest
distance between a valve seat surface and the valve head that
is to seat thereon at the center timing of the valve overlap
period, and a length in a circumferential direction of an over-
lapping portion of a region on a side of the cross-sectional
position Si that is farther from the cylinder axis and a third
quadrant and a fourth quadrant of the valve head; the “gap
surface area Si"2 under the valve head at the cross-sectional
position Si”, as referred to herein, is a surface area defined by
a length of a bottom side of a cross-sectional surface of the
valve head in a case where the valve head is cut at the cross-
sectional position Si at the center timing of the overlap period,
and a distance from this bottom side to the piston crown
surface facing the same; the “third quadrant of the valve
head”, as referred to herein, is a region positioned at a largest
distance from the cylinder axis in a case in which the valve
head is divided into four regions by an X axis passing through
the center of the valve head of the intake valve and orthogonal
to the crankshaft axis, and an Y axis passing through the
center of the valve head of the intake valve and parallel to the
crankshaft axis, as viewed from the cylinder axis direction;
and the “fourth quadrant of the valve head”, as referred to
herein, is a region adjacent to the third quadrant in the X-axis
direction.

With such a configuration, the intake air supplied from the
circumferential edge of the valve head of the intake valve into
the combustion chamber flows smoothly into the cavity, with-
out receiving a large resistance when passing along the lower
surface of the valve head. Therefore, the aforementioned
scavenging of the cavity can be further promoted.

In the combustion chamber structure, it is preferred that
almost the entire portion of the piston crown surface exclud-
ing the valve recesses and the cavity be a flat surface extend-
ing along a plane orthogonal to the cylinder axis, and a portion
of the lower surface of the cylinder head that faces the flat
surface of the piston crown surface be a flat surface extending
along a plane orthogonal to the cylinder axis.

With such a configuration, a flat surface of a large area can
be ensured in a most portion of the circumferential edge of the
piston. Therefore, a homogeneous squish flow can be formed
and homogeneous combustion can be realized.

In this configuration, it is further preferred that the bottom
surface of the valve recess have an inclined surface that gradu-
ally decreases in height with increasing distance from the
crankshaft axis in a region on a side of a boundary position
corresponding to the center of the valve head of the intake
valve which is farther from the crankshaft axis, and the lower
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surface of the valve head of the intake valve and the inclined
surface of the valve recess be set parallel to each other.

With such a configuration, at least part of the bottom sur-
face of the valve recess is an inclined surface parallel to the
lower surface of the valve head of the intake valve. This is
preferred from the standpoint of obtaining a high geometric
compression ratio.

In this configuration, it is further preferred that the valve
recess be connected, in a stepless manner, to the flat surface of
the piston crown surface at a boundary position correspond-
ing to the center of the valve head of the intake valve.

Such a configuration is preferred from the standpoint of
ensuring a sufficient squish area and also obtaining a high
geometric compression ratio.

In a different form of the configuration, a portion of the
piston crown surface that faces the lower surface of the cyl-
inder head positioned between the intake valve and the
exhaust valve facing the intake valve, with the crankshaft axis
being interposed therebetween, may be made a flat surface,
and the bottom surface of the valve recess may be at a lower
position, as a whole, than the flat surface.

With such a configuration, a step appears between the valve
recess and the flat surface. Therefore, the intake air supplied
to the combustion chamber from the circumferential edge of
the valve head of the intake valve can be effectively prevented
from directly flowing to the exhaust valve side.

In the combustion chamber structure, it is preferred that a
sparkplug be provided between the two intake valves.

Where a sparkplug is thus disposed between the two intake
valves, for example, when forced combustion by spark igni-
tion is performed in a high-load range of the engine, the
combustion rate can be increased.

In this configuration, it is more preferred that a sparkplug
be provided between the two exhaust valves.

With such a configuration, the combustion rate during the
aforementioned spark ignition combustion can be further
increased.

In this configuration, it is further preferred that a depres-
sion connected to the cavity be provided under the sparkplug
provided between the two intake valves and under the spark-
plug provided between the two exhaust valve in the piston
crown surface.

With such a configuration, the intake air supplied to the
combustion chamber from the circumferential edges of the
valve heads of the two intake valves is easily introduced into
the cavity through the depressions for the sparkplugs, and the
aforementioned scavenging of'the cavity is further promoted.

INDUSTRIAL APPLICABILITY

The present invention can be especially advantageously
used, for example, in the field of automotive engines.

The invention claimed is:

1. A combustion chamber structure for an engine that com-
prises: a cylinder block having one or more cylinders; a cyl-
inder head that covers the cylinder from one side in a cylinder
axis direction; a piston reciprocatingly inserted into the cyl-
inder; intake valves provided at a ratio of two valves per
cylinder at one side thereof from among two regions sepa-
rated by a crankshaft axis; and exhaust valves provided at a
ratio of two valves per cylinder at an opposite side thereof
from among the two regions separated by the crankshaft axis,
and that is adopted to the engine in which compressed self-
ignition is performed in at least a low-load range, wherein

a geometric compression ratio of the cylinder is setto 15 or

higher;
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a cavity is formed in a central portion of a crown surface of the center timing of the overlap period, and a distance from
piston; this bottom side to the piston crown surface facing the
a part of a valve head of each intake valve overlaps the same;

the “third quadrant of the valve head”, as referred to herein,
is a region positioned at a largest distance from the
cylinder axis in a case in which the valve head is divided
into four regions by an X axis passing through the center
of the valve head of the intake valve and orthogonal to

cavity, as viewed in the cylinder axis direction;

valve recesses for preventing interference between the pis- 5
ton and the valve heads of the intake valves are formed in
the piston crown surface so as to be connected to the

cavity; the crankshaft axis, and an 'Y axis passing through the
an axial line of the intake valve is inclined to recede from a center of the valve head of the intake valve and parallel

cylinder axis with increasing distance from the valve 1o to the crankshaft axis, as viewed from the cylinder axis

head, as viewed in the cylinder axis direction, and a gap direction; and

between the piston crown surface and a region which is the “fourth quadrant of the valve head”, as referred to

a part of a lower surface of the valve head, at least on a herein, is a region adjacent to the third quadrant in the

X-axis direction.

side that is closer to the crankshaft axis, expands in . .
4. The combustion chamber structure for the engine

accordance with an approach of the crankshaft axis; and & laim 1. wherei
a relationship of G2>G1 is fulfilled, where G1 stands for a according to claim 1, wherein .
minimum gap between a lower surface of the cylinder at least a part of the piston crown surface excluding the
head that is positioned between the intake valve and the yalvelrecessels and tﬂicawtylli atflilrst ﬂ?.t s(;lrface. e.xter(lid-
exhaust valve facing the intake valve, with the crank- ,, 1ng a‘ong a plane orthogona’ 10 the cyndaer axis, an
shaft axis being interposed therebetween, and the piston a portion of the lower surface of the cylinder head that faces

crown surface in a top dead center, and G2 stands for a the first flat surface of the piston crown surface is a
gap between the lower surface of the valve head of the second ﬂ%t surface? extending along the plane orthogonal
intake valve and the piston crown surface and at a posi- 5 tf’ﬂtlhe cylu}zder AxIs. hamb for th .

tion, along the lower surface of the valve head, closestto 5 : ¢ combustion chamber structure for the engine

the crankshaft axis at a center timing of a valve overlap according to claim 4, wherein .
period in which the intake valve and the exhaust valve a bottom surface of the valve recess has an inclined surface

are both open that gradually decreases in height with increasing dis-

2. The combus.tion chamber structure for the engine tance from the crankshaft axis in a region on a side of a

acco.rding to claim 1. wherein boundary position corresponding to a center of the valve
s 30 . . .
the valve recess is a first valve recess and a second valve hﬁa?t othe 1n(t1ake valve which is farther from the crank-
f e e : shaft axis; an

recess provided individually correspondingly to the two the lower surface of the valve head of the intake valve and
intake valves, and A

a flat surface with a height larger than that of bottom the 111n01111ned surface of the valve recess are set parallel to
surfaces of the two valve recesses is provided in a cir- 45 6 ef[llcl ot erB . hamb for th .
cumferential edge portion of the piston crown surface : i e COI? .ustéon hC amber structure for the engmne
positioned between the first and second valve recesses. according to claim 3, wherein

3. The combustion chamber structure for the engine theﬂvalve ﬁrﬂecess flshcom.lected, mna stegilﬂess mam};:r, tc:i;he
according to claim 1, wherein at surface of the piston crown surface at a boundary

in a case in which the valve head of the intake valve is position corresponding to the center of the valve head of

assumed to be cut by arbitrary cross sections which are - tl;;lntake EalV?' harb for 1h .
orthogonal to a virtual line connecting the cylinder axis - The combustion chamber structure for the engine

and a center of the valve head of the intake valve and acclolrdéng tﬂo Clal? 4, Whe;rezn . £ the pi
parallel to the axial line of the intake valve, where each the r;t athsu face 111110 111 esa pori'ﬂtlon Of the plls.toél crﬁwg
cross-sectional position is denoted by Si, a curtain sur- surface that faces the lower surlace of the cylinder hea

face area of the intake valve at the cross-sectional posi- positioned between the intake valve and the exhaust

tion Si is denoted by Si1, and a gap surface area under the valve facing the intake valve, with the crankshaft axis

valve head at the cross-sectional position Si is denoted being interposed therebetween, aqd -
by <2 a relationship of S25831 is fulfilled. where a bottom surface of the valve recess is at a lower position,
; ; as a whole, than the portion of the first flat surface.

8. The combustion chamber structure for the engine
according to claim 1, wherein
a sparkplug is provided between the two intake valves.
9. The combustion chamber structure for the engine
according to claim 8, wherein
a sparkplug is provided between the two exhaust valves.
10. The combustion chamber structure for the engine
according to claim 9, wherein
a depression connected to the cavity is provided under the
sparkplug provided between the two intake valves and
under the sparkplug provided between the two exhaust
valves in the piston crown surface.
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the “curtain surface area Sil at the cross-sectional position 50
Si”, as referred to herein, is an area defined by a shortest
distance between a valve seat surface and the valve head
that is to seat thereon at the center timing of the valve
overlap period, and a length in a circumferential direc-
tion of an overlapping portion of a region on aside of the 55
cross-sectional position Si that is farther from the cylin-
der axis and a third quadrant and a fourth quadrant of the
valve head;

the “gap surface area Si2 under the valve head at the cross-
sectional position Si”, as referred to herein, is a surface
area defined by a length of a bottom side of a cross-
sectional surface of the valve head in a case where the
valve head is cut at the cross-sectional position Si at the L



